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THE ELASTICITY OF WOOL FIBER'* 


By J. I. Harpy 


Assistant Wool Specialist, Wyoming Agricultural Experiment Station 
INTRODUCTION 


Much work has been done on the study of the fiber, the yarn, and the 
finished cloth of wool. It has long been known that wool absorbs 
moisture from the air, but the first real research along this line appeared 
by Schloesing (7)? in 1893. This work was upon the relation of the 
moisture content of clean wool to the humidity of the air. In 1905 
Hartshorne (2) published work along this line, the results of which were 
in substantial agreement with the work of Schloesing. Hartshorne (3) 
formulated his results into the “ The laws of regain in cotton and worsted,” 
using these laws in the construction of tables showing the moisture content 
of wool for a wide range of moisture and temperature conditions of the 
atmosphere. These tables show the great delicacy with which wool 
responds to the changes in the relative humidity of the air, and also 
makes it easy to find the moisture content of wool where the relative 
humidity of the air is known. He has continued his work upon the 
regain of worsted and of cotton and is to-day one of our greatest authori- 
ties along this line. 

The effect of moisture on the strength and elongation of yarns and 
fabrics was reported by Barker, Barbrick, and Pickles (z). In their 
tests on worsted yarn they found that on increasing the moisture content 
from ‘‘absolute dryness”’ to saturation there was a decrease in strength 
but an increase percentage of elongation. They also found that when 
like patterns of worsted were tested in a room of 92 per cent humidity 
and then in a room with a humidity of 76 per cent there was an increase 
in strength and a decrease in elongation. They further found that yarns 
or fabrics made of cotton increased in both strength and elongation on 
the increase of the humidity of the surrounding atmosphere. 





1 Approved for publication in the Journal of Agricultural Research by the Director of the Agricultural 
Experiment Station of the University of Wyoming. 
2 Reference is made by number (italic) to “ Literature cited,”’ p. 294-295. 
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Lewis (5) made tests on woolen and worsted yarns, similar to those of 
Barker and his coworkers, under controlled conditions of temperature 
and humidity, at five different humidities ranging from 45 to 85 per cent. 
He found an increase of 16 per cent in the tensile strength of cotton and 
a decrease of 18 per cent in the tensile strength of worsted for a rise of 
40 per cent in the relative humidity. 

The work carried on at the Wyoming Experiment Station in 1911 
under the direction of Hill (4) showed that the dry wool fiber was stronger 
than the wet fiber, and that at a humidity of approximately 15 per cent 
the wool fiber was stronger than at 35 per cent. Because of the lack of 
the means of temperature and humidity control, this work was tem- 
porarily suspended until such control conditions might be established. 


EXPERIMENTAL WORK 


On undertaking research studies upon wool the writer found that 
it was first necessary to improve further the means of measuring the 
strength of the wool fiber before a continuation of studies in the effects 
of chemical reagents and of alkali and weathering could be made with 
satisfactory results. In September, 1917, the writer succeeded in 
bringing a small inside room under automatically controlled conditions 
of temperature and humidity. A description of this room will be found 
elsewhere in this article. The work of Hill (4) who tested over 59,000 
fibers, clearly showed that it was quite impossible to get satisfactory 
results by testing the single wool fibers under ordinary room conditions. 
He states (p. 123): 

The variation of the means of hundreds is so great that the mean of this or a smaller 
number of tests isa very inaccurate measure of the mean of a sample of wool containing 
only a few thousand fibers, and that the means of thousands can scarcely be used for 
anything more than the most general work. 

Anyone who has tested textile fibers knows that to test only 500 wool 
fibers is not only a long but a tedious operation, and it would be impracti- 
cable to test many samples, were so many tests required for each sample. 
It was thought, however, that possibly under controlled conditions of 
temperature and humidity the number of fibers necessary to be tested 
on each sample, with satisfactory results, might be greatly reduced. 
With this thought in mind the writer began the work covered in this 
paper, with a plan outlined to test samples of wool fibers at five humidi- 
ties ranging from 40 to 80 per cent. Samples of wool from the shoulders 
of four sheep, a Rambouillet, an Oxford, a Cotswold, and a Dorset were 
selected. All tests were made upon single fibers from locks of wool 
which had not been cleaned or scoured. The tests were all made on a 
Reeser and Mackenzie fiber-testing machine, a machine devised by 
Matthews, of the Philadelphia Textile School, and fully described in 
Matthews’s Textile Fibers (6, p. 254). 
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In these experiments and all subsequent work the temperature was 
kept at 70° F., the humidity only being changed. The breaking strengths 
of the 200 fibers were determined on each sample, first at a humidity of 
40, and later at a humidity of 70 per cent. The results of this work 
are shown in Table I. 


TABLE I.—Breaking strength of wool fibers at two humidities 
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An examination of Table I, shows that with the increasing of the 
humidity the breaking strength of the fibers decreases. It will also be 
noted that the percentage variation between the average breaking 
strengths of each hundred fibers reaches in one case practically 16 per 
cent. Had a larger number of fibers been broken, it is probable that the 
extreme variations between hundreds would have been even greater. 

Determining the breaking strength of the fibers under controlled 
conditions of temperature and humidity is more accurate than under 
ordinary room conditions; yet the wide variations among the sizes of 
the individual fibers makes it quite impossible to obtain a small per- 
centage variation between the means of each hundred fibers tested 
without taking into consideration the diameter of the fibers. An at- 
tempt was made to measure the diameter of the fibers in the testing 
machine by means of a microscope which could be moved horizontally 
or vertically by means of a screw adjustment. The work was found 
very slow and tedious, and it appeared that the fibers did not break 
at the smallest diameter. The fact that wool fibers are very irregular 
in shape renders the measurements taken from one side of the fiber 
very inaccurate. If a microscope can be constructed to view the wool 
fiber from two different angles at the same cross section, there may be 
obtained much more accurate results by use of this instrument. It 
seems that this condition may be obtained by a proper adjustment of 
mirrors, but to the writer’s knowledge no such adjustment has ever 
been tried. 
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The next arrangement which suggested itself as a means of measur- 
ing the fibers was the use of a micrometer caliper. A micrometer caliper 
graduated to read in hundredths of a millimeter and having a ratchet 
stop adjustment can readily be set so that contact upon the fibers is 
uniform and the fiber is not distorted when the contact is made. This 
micrometer is substituted in place of the lower jaw of the testing ma- 
chine (Pl. 48, A) so that the diameters may be measured with the 
greatest speed and accuracy possible with a micrometer. A small hand 
lens (not shown in the illustration) was supported in front of the mi- 
crometer in order to make it possible to read the diameters of the wool 
fibers to a thousandth of a millimeter. 

The diameters of a number of fibers were measured at as many 
intervals as possible between the two jaws of the testing machine, 
after which the fibers were tested. The fibers broke in practically 
every instance at the place where the micrometer indicated the smallest 
diameter. A number of fibers were very carefully watched under a 
hand lens as they were being measured with the micrometer. It was 
observed that as the contact is being made the oval fibers twist so the 
measurement’is made at the smallest diameter. Human hair and the 
hair from animals were tested with the same result. This led the 
writer to believe that he was justified in using the smallest diameters 
obtained by the use of a micrometer in computing the tensile strength 
(ratio of breaking strength to area of cross section) of the wool fibers. 

Another series of tests was made on the same samples as reported in 
Table I, but for five relative humidities, 40, 50, 60, 70, and 80 per cent, 
temperature 70° F. Every wool fiber tested was measured at three 
places between the jaws of the testing machine. The stretch of each 
fiber was recorded, together with its breaking strength, and the tensile 
strength calculated from the diameter of the fiber as found at the smallest 


point. The results of the measurement of the breaking strength are 
shown in Table II. 


TABLE II.—Breaking strengths of fibers at five humidities 

















Breaking strength at a relative humidity of— 
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TABLE III.—Diameter, breaking strength, and tensile strength of wool fibers at five different humidities 
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Table II shows what a large variation may occur in the averages of the 
breaking strengths of 100 fibers. In the case of No. gg1, the fibers are 
fairly uniform, and there is less variation. The variations are so great 
in most cases that one would not be justified in making any final deduc- 
tions from the results. The differences which occur in the breaking 
strengths of different fibers in the same sample may be more clearly seen 
by comparing the results of humidities 40 and 70 in Table II with similar 
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Fic. 1.—Graphs showing the effect of humidity upon the tensile strength of the wool fiber. 


results upon the same sample as shown in Table I. Such large variations 
will occur when the size of each fiber is left out of consideration. 

Table III shows the average diameter, breaking strength, and tensile 
strength for 100 fibers and the average tensile strength for 200 fibers. 
It can readily be seen that when the diameters of the individual fibers 
are taken into consideration there is muchemore uniformity in the re- 
sults obtained. Had 500 fibers been tested, it is no doubt true that the 
average tensile strength would have been somewhat more accurate than 
when only 200 fibers were tested. In the case of sample 991 (humidity 
70) 600 fibers were broken, and the average tensile strengths for each 
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hundred tested were, respectively, 269, 273, 275, 280, 283, and 288. 
The smallest and largest averages obtained from any two of these figures 
are 271 and 286, respectively. If each sample is taken into consider- 
ation, it will be observed that the average tensile strength is greater in 
every case at a humidity of 40 than at 60, 70, or 80 per cent. It will 
also be noted that the average tensile strength of every sample is greater 
at a humidity of 50 than at 70 or 80, and at 60 it is greater than at 80 
percent. The tensile strength decreases with the increase in the humidi- 
ty, although in some cases there may be a slight variation up or down 
when the sample tested is compared with the one tested at the next 
higher or lower humidity. The average tensile strength of four samples 
at the different humidities gives figures which show a direct ascent as 
the percentage of relative humidity is reduced. It would seem that if 
an average of the four samples was taken, the effects of humidity upon 
the tensile strength of the wool fiber could be more clearly seen. Graphs 
of these averages are given in figure 1. 

It is again clearly noted that there is a direct increase in the tensile 
strength of the wool fiber as the relative humidity is reduced, and vice 
versa. The presence of more yolk on one fiber than on another would 
make an added variation, as would also the percentage error in the 
measurement of the fibers. 

The percentage elasticity of these four samples was determined at 
the same time as their breaking strengths, the results being given in 
Table IV. These tests show that the wool fiber increases in elasticity 
as the humidity increases. Figure 2 shows curves plotted from the 
average elasticity of each of the four samples for each humidity, together 
with the average of all. 

It seems probable that each sample would show a curve in closer 
agreement with that of the final average of figure 2 had 500 or 1,000 
fibers been broken upon each sample at the different humidities. 


TABLE IV.—Percentage elasticity of wool fibers at five humidities 
g y 





Elasticity at a relative humidity of— 
Number 

of fibers 
tested. 





40 per cent. | so per cent. | 60 per cent. | 70 per cent. | So per cent. 
| | 





Se ee | | 

| | 

| 

Per cent. Per cent. Per cent. Per cent. Per cent. 
} 


28. 02 31.74 33- 67 34. 88 35- 52 
30.78 | 33-32 | 36.92 39. 60 42. 41 
32. 76 38. 38 40. 24 41. 26 47-02 
19.68 | 26. 30 26. 44 28. 64 ' 31. 38 




















27. 81 | 32. 44 34. 32 36. 10 39. 08 





The present paper is a progress report, and further humidity studies 
are being made, both with raw and clean wool. 
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TEMPERATURE AND HUMIDITY CONTROL 


The question of automatically controlling the temperature and 
humidity is perplexing to the Experiment-Station worker whose funds 
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Fic. 2.—Graphs showing the effect of humidity upon the elasticity of the wool fiber. 





are limited. The humidity room operated by the writer is simple in 

its method of control and can be readily installed at a minimum cost. 
The room used is an inside one, 6 feet wide, 6 feet long, and 12 feet 

high. The walls are made of hollow 4-inch gypsum blocks plastered 
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on both sides, and the ceiling and floor of reinforced concrete. In one 
side there is a large, well weather-stripped window, the upper part of 
which has an opening 7 inches wide and extending the entire width of 
the window. This opening was designed for ventilation purposes, but 
was found inefficient and was displaced by artificial ventilation. The 
entrance to the room is provided with double doors separated from 
each other by a small vestibule, so that one can enter this vestibule 
and close the door before entering the humidity room. The joints of 
these doors are well weather-strioved. A corner of the room is shown 
in Plate 48, A. 

The temperature of the room 1s controlled by a thermograph con- 
nected through a pony relay to a bank of lamps fastened overhead and 
covering an area of about 6 square feet. The lamps remain lighted 
until the arm of the thermograph records the desired temperature. At 
this point the indicator of the thermograph makes a contact with a 
small adjustable platinum arm, thereby closing the circuit from a bell- 
ringing transformer, which in turn actuates the relay magnet and breaks 
the light circuit. There is a large tank in the upper part of the room 
which may be filled with running water and used as a cooler to keep 
the temperature of the room from going above that desired. At this 
station, however, it is not ordinarily necessary to use the cooler, as the 
main laboratory can easily be kept below 70° F., the temperature at 
which the fiber-testing machine is most used. 

The humidity of the room is controlled by an electrical connection 
through a hydrograph indicator similar to that through the thermograph. 
When the humidity of the room reaches the desired percentage, as 
recorded on the hydrograph, the circuit through a =; h. p. motor which 
works an atomizer above the tank in the upper part of the room is au- 
tomatically broken. By means of reducing gears and a crank arm, this 
motor operates two small air compressers of the bicycle foot-pump type. 
The two pumps are placed in a horizontal position with their piston rods 
connected to each other and are also connected through a jointed arm, to 
the crank pin so that each half turn of the crank causes a forward stroke 
of one piston and a backward stroke of the other. The air from each 
pump is conducted to an atomizer in the top of the room. These atomizers 
are of the household type, but have been modified to fit 1-gallon glass 
jugs. The greater part of the spray from these atomizers settles into the 
large water tank, any spray reaching the center of the room being so fine 
that it is practically all absorbed by the atmosphere before it reaches the 
floor. The method of pumpirg is entirely improvised and could easily 
be replaced by a small electric blower. 

Both the thermograph and hydrograph can be quickly set for a new 
temperature or humidity. The temperature can be regulated with ease 
at any temperature between 65° and 80° F. and the humidity anywhere 
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from 35 to 85 percent. The writer hopes, with certain additions to the 
room, to make it possible to regulate the humidity at any point between 
10 and go per cent. 

This humidity room has been in constant operation for over seven 
months, and has proved very satisfactory. It is possible to get a more 
elaborate equipment and no doubt a more satisfactory one for a larger 
room, such, for example, as the one in use at the Bureau of Chemistry of 
the United States Department of Agriculture (8), but for a small room 
and with a comparatively small investment the present arrangement is 
all that could be desired. 

Records of the temperature and the humidity for one week are shown 
in Plate 48,B. The temperature can easily be regulated at 70° F., witha 
maximum variation of about 1 degree. The variation in the percentage 
relative humidity may be regulated to within 2 per cent on the bench 
where the samples are stored and measured, provided the desired per- 
centage is not over 70. Above this point there is a somewhat larger varia- 
tion when the door of the humidity room is first opened. 


SUMMARY 


(1) The breaking-strength determination as a measure of the strength 
of wool is unsatisfactory because of the wide variations in the size of the 
individual fibers. 

(2) The microscope was found an ineffective means of making a cor- 
rection for the diameter of the fibers. A micrometer substituted in place 
of the lower jaw of the testing machine proved to be very efficient in 
making this correction and reducing the breaking strength to tensile 
strength or unit stress. 

(3) Comparisons of the tensile strengths at five relative humidities— 
namely, 40, 50, 60, 70, and 80 per cent—showed that the tensile strength 
of raw wool from four different breeds of sheep decreases as the humidity 
increases. 

(4) Controlled conditions of temperature and humidity were obtained 
by means of electrical connections through a thermograph and a hydro- 
graph, operating, respectively, a bank of lamps and two atomizers. 
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PLATE 48 


A—A corner of the humidity room used to test wool fiber. 
B—Records of the temperature and humidity during the experiment. 
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AVAILABILITY OF POTASH IN SOME COMMON SOIL- 
FORMING MINERALS—EFFECT OF LIME UPON POTASH 
ABSORPTION BY DIFFERENT CROPS 


By J. K. PLumMER 
Soil Chemist, Division of Agronomy, North Carolina Agricultural Experiment Station 


INTRODUCTION 


Little direct information is obtainable regarding the relative avail- 
ability of potash carried in common soil-forming minerals. The data 
found are decidedly contradictory. They have either been obtained 
from the ability of weak solvents to remove potassium or have been 
adjudged from the resulting optical properties of the minerals after 
years of subjection to the forces of weathering. 

Numerous petrographic analyses of the soils of the United States 
(McCaughey and Fry, 1913) 1 show that only four minerals which carry 
potash are found in the very fine sand and coarse silt separates. These 
are biotite, muscovite, orthoclase, and microcline. In many of the 
residual soils, such as the Porter and Cecil series (Plummer, 1915), the 
micas are found in large quantitites, and must supply much of their 
potash. Some of the transported soils, such as those of the Atlantic 
Coastal Plain, carry comparatively little mica, but often are well supplied 
with microcline and orthoclase. 

It has been known fona good many years that certain neutral salts 
when in contact with the mineral portion of the soil cause an exchange 
of bases between the salt and soil. Owing to this action, many claims 
have been made regarding the effects of lime and other compounds for 
increasing the soluble potash of the inert soil mass. More recent experi- 
ments give indications that the effect of lime and gypsum in bringing 
into solution potash from the mineral portion of the soil is slight or nil. 
None of these investigations, however, as shown by the following brief 
review, have thoroughly covered the direct action of lime compounds on 
those minerals which supply the soil with potassium. 


REVIEW OF PREVIOUS INVESTIGATIONS 


So far as the writer is aware, Johnstone (1889) was the first to report 
on the stability of micaceous minerals. This investigator found that, 
after suspension of mica for as much as one year in carbonated water, 
no alteration could be detected. 

Hilgard (1906, p. 51), in speaking of soils formed from mica schist, says: 

. mica schist, which being a mixture of quartz and mica only, not only 


weathers very slowly, but also supplies but little of any importance to plants to the 
soils formed from it. 





1 Bibliographic citations in parentheses refer to “ Literature cited,” p. 314-315. 
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Hartwell and Pember (1908) conducted experiments with feldspar 
(variety not given) as the source of potash for plants. Their results 
led to the conclusion that little could be expected from this material as a 
source of available potash. 

Prianischnikow (1912) experimented with a number of crops, using 
various minerals as the source of potash. From his work conclusions 
are drawn that biotite and muscovite are superior to feldspar (orthoclase 
and microcline) as carriers of potash. 

Fraps (1912) found that all potash is extracted from biotite with 
strong hydrochloric acid, about one-third from muscovite, and only a 
small percentage from orthoclase and microcline. Fraps also found that 
practically no potash is removed from orthoclase and microcline by N/5 
nitric acid, less than 10 per cent from biotite, and 15 per cent from 
muscovite. 

McCaughey and Fry (1913) conclude from observations of the optical 
properties of the potash-bearing soil-forming minerals that biotite must 
give up its potash to solution faster than muscovite and orthoclase 
faster than microcline. 

Curry and Smith (1914) found from fertilizer experimentation for hay 
that calcium carbonate and lime have practically no effect on the solu- 
bility of soil potash. 

Plummer (1915) found indications from field experiments that soils 
with high content of the micas respond less to-potash fertilization than 
do those in which the feldspars predominate. 

Clark (1916, p. 395) says: 

Muscovite under ordinary circumstances is one of the least alterable of minerals. 


The feldspar of a granite may be completely kaolinized, while the imbedded plhtes 
of mica retain their brilliancy unchanged. 


Lyon and Bizzell (1916) say, as a result of lysimeter experiments: 


So far as could be ascertained from the potassium in the drainage water and the 
crop raised on the soil treated with lime and the soil not so treated, there was no lib- 
eration of potassium effected by the lime treatment. 


Fraps (1916) finds only slight gains of potash due to additions of car- 
bonate of lime on the insoluble potash of the soil. 

Briggs and Breazeale (1917) find that calcium-hydrate solutions do 
not modify the solubility of potash in orthoclase or orthoclase-bearing 
soils. 

In view of the variance of results set forth in the foregoing discussions, 
it would seem desirable that experimentation be carried out to deter- 
mine the relative availability of potash in the minerals which supply 
the soil with this constituent. 


EXPERIMENTAL WORK 


The minerals used were as representative and free from impurities as 
could be obtained. Each specimen was ground to an impalpable powder 
and sifted through the finest grade of bolting cloth. 
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Table I gives the composition of the materials used in this work. 


TABLE I.—Composition of materials used 





| Available 


: Nitrogen | phosphoric} Potash Lime 
ee, (N). | acid (KO). | (CaO). 


| (P2Os). 














NE NN sacs de ccna nie i aanedi cee daspecys SS AR ie Meet aero 
SP Rr chicccdeboadeselewlvocecutbeewunmenel 1G0G'h . 5A. 4 (2) 
Pee MUIR F508 i553 foe Cc ccn eto dus ebent nee Jeceeeeees ed eee eee 
ENED sn be os 4 50% Sedan he wbdeV ded Cade beac lale Rete pnccancecs 8. 45 a) 
RII Fas Vics So suse hr ars os Per View nee dite tangas et elsaty 9. 14 a) 
Se Oe ee Ce Ce TT TC Oe ee Oe ace kime"hee 13. 40 a) 
1” RE Re Sige ne Oe PR he tts Pe 14. 40 a) 
PYOCIPICAted. COLCHANS CHITIONMG is i 6. 5 666 5 PEN eee fe os be owed teens sen 56. 02 








@ Not determined. 


The potash contents, which are very close to the theoretical for the 
individual minerals, indicate specimens of exceptional purity. Petro- 
graphic examinations of the feldspars give all characteristic optical prop- 
erties of pure orthoclase and microcline, respectively. 


SOLUBILITY OF MINERAL POTASH IN CARBONATED WATER AND THE EFFECT 
OF CALCIUM BICARBONATE THEREON 


Water charged with carbon dioxid is generally considered the chief 
solvent of inert plant nutrients of the soil. To obtain the true availa- 
bility of any dormant constituent, several extractions are necessary— 
that is, until a point is reached at which no appreciable amount goes 
into solution. 

Calcium bicarbonate results from the presence of any basic calcium 
compounds in the soil, and is the form of lime which naturally functions 
in the exchange of bases. 

For comparison with soil conditions, carbonated water and calcium 
bicarbonate were selected for measuring the availabilty of potash in the 
four soil-forming minerals. 

Distilled water was saturated under pressure with carbon dioxid. The 
solution of calcium bicarbonate [Ca(HCO,),] was N/2o in strength, and 
contained an excess of carbon dioxid to prevent the precipitation of cal- 
cium carbonate (CaCO,). Thirty gm. of each material and 200 cc. of 
the solvent were placed in 500-cc. flasks and agitated in an end-over-end 
slaking machine for 96 hours. At the end of this time suspended matter 
was allowed to settle, the solutions were clarified, and potash was deter- 
mined colormetrically, according to methods given by Schreiner and 
Failyer (1906). The residue was thrown on a filter and washed free of 
potash, after which it was again extracted as before, and the process 
repeated four times. 

The results obtained will be found in Table II. 
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The results obtained from these experiments indicate only small 
differences in the solubility of potash in distilled water. Biotite and 
muscovite appear to give up somewhat more of this plant nutrient to 
water than do the feldspars. These differences are small, however, and 
may be due to experimental error. 

With carbonic acid as the solvent the divergence in the amounts of 
potash going into solution is more marked. More than four times as 
much potash of biotite is dissolved as is carried by microcline. Musco- 
vite stands next to biotote in the solubility of its potash, and orthoclase 
is slightly ahead of microcline. 

These findings agree rather closely with the vegetative experiments 
detailed later and follow the same order as those of Fraps (rgrz2), in 
which a weak solution of nitric acid was tsed as the solvent. 

Calcium bicarbonate has not shown any power to unlock potash from 
any of the minerals. With biotite and microcline there are slight losses 
of potash when this material is used in connection with water charged 
with carbon dioxid. Only very small gains from the use of the bicar- 
bonate are discernible with muscovite and orthoclase, gains so small as 
to be considered negligible and to have no practical significance. 

Briggs and Breazeale (1917) have recently reached the same conclusions 
from the use of calcium hydroxid and gypsum on orthoclase and certain 
orthoclase-bearing soils. 


VEGETATIVE EXPERIMENTS WITH THE COMMON SOIL-FORMING MINERALS 


The solubility investigations just given have shown rather marked 
differences in the power with which potash is held in the two micas and 
feldspars. For the purpose of supplementing the laboratory data, pot 
experiments were begun in which four different crops were grown out 
of doors to maturity. These were oats (Avena sativa), soybeans (Soja 
max), rye (Secale cereale), and cowpeas (Vigna sinensis). 


DESCRIPTION OF Pot EXPERIMENTS 


SOIL USED 


The soil used in this investigation was taken from the no-treatment 
plots of the Edgecombe (N. C.) Branch Station, where experiments to 
determine its fertilizer requirements have been running for the past 15 
years. The field tests (Kilgore et al., 1914) indicate rather conclusively 
that potash is one of the limiting elements of this soil; also that the 
available plant nutrients have been reduced to a minimum on the plots 
receiving no additions. The soil was taken from the plots to a depth 
of 6% inches. Tables III and IV give the chemical and mineralogical 
composition of the soil used. 

64613°—18——2 
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TABLE III.—Chemical composition of soil used 
Percentage! Quantity 
composi- r acre 
Plant nutrient. tion of | of 2.000,000 
oven-dried | pounds of 
soil. soil. 
Pounds. 
Nitrogen 0.032 640 
Phosphoric acid +026 520 
I hss Car ASE} dar can g. bly, slahpleens oa Sines gst en adore eink ore M EASA aS SORE EEA RUE +094 1,880 
SR SR ich vbhok es id dais +04! 820 
ID 4 ¢ asalvnea:s-ain'e +154 3,080 
Magnesia +082 1,640 
TABLE IV.—Petrographic analysis of soil 
Percentage of Abundant : : 
minerals not minerals not Less abundant minerals not quartz in— 
quartz in— quartz in— 
Remarks. 
Sand.| Silt. | Sand. | Silt. Sand. Silt. 

2-4 | 5-8....| None..| None..| Orthoclase (residues), | Epidote, tourmaline, | Soil characterized by 
microcline, epidote, zircon, rutile, mag- low content of min- 
tourmaline, magne- netite, sillimanite, erals other than 
tite, hornblende. hornblende, musco- quartz, Only trace of 

vite, biotite, garnet. mica present. Min- 
erals existing are of a 
° refractory nature. 
| 

















CONDITIONS OF PLANT GROWTH 


The equivalent of 40 pounds of oven-dried soil was carefully weighed 
out, the various plant nutrients were added in the amounts given in 
Table V and were mixed thoroughly by rolling over and over on canvas 
cloth. This was transferred to 4-gallon glazed earthenware pots. 
Sufficient drainage was obtained through small openings on the lower 
side of each pot. 

Nitrogen and phosphoric acid were added to all pots two weeks before 
seeding each crop. Potash and lime were added only at the beginning 
of the experiment. 

The rates of application were made on the basis of 200 and 400 pounds 
of potash per acre. For convenience of expressing the data obtained, 
in Tables V to X the treatments are referred to as the mineral which 
carries potash in weights of 200 pounds per acre. The figure “‘2’’ before 
the name of the potash carrier indicates that this plant nutrient has 
been applied at the rate of 400 pounds per acre. 

This work was conducted out of doors in a cage of 4-inch-mesh poultry 
wire. Excessive heat is prevented in summer by a lattice-work cover 
similar to those used in covering ginseng beds. During spring and 
summer the pots were placed on benches 2 feet above the surface of the 
ground. In winter they were buried in a mixture of sawdust and soil 


sufficiently deep to prevent freezing. 
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TABLE V.—Rate of application of plant nutrients 
































| Quantity of plant nutrients 
| (pounds per acre of 2,000,000 
Quantity pounds of soil). 
Carrier. of carrier | 
per pot. - Phos- 
= phoric Potash.) Lime. 
} 
Grams. | | 

ILS. 4 Ol4 S ocna Cole uvcaycucnenenee BUSA T  Fillkwssns | antes Acre 
PINES «5 Gigs shen Cease cabecentnns 13. 424 |....+. al Re (4) 
ee eee 0 CY ae eee S001... 28ede 
2 potassium sulphate. ...... a ye) Cee OS po ee ee 
| Rt Si eri «ee eee See | er ee 200 (4) 
DIN 6 65d 5 64: Zen sede sede Re b Uekenees SEND fea ce fe cciexs 400 (@) 
po ECE EP OAC Tee tere kc ROE Tek ve chewnena 200 (4) 
MINES ccs Gays + ede edwens awed 39. 744 ARR end: 400 (@) 
GNI Nir) sc 8c0 cas Caw waned o eee gees | ae wseeee| 200 (4) 
ee EO en et fore ye ke. PRC Ree 400 (@) 
PTI 5 big dv Sd ps digs Hm cr ceewanceunsi 12. 552 | Denicdteneees 200 (4) 
MINE ie kk 5 bess sender LOR CTE i BOE CEE 400 (@) 
Precipitated calcium carbonate. ............. 33. 420 Cone: tage 2, 000 
2 precipitated calcium carbonate.............| 66.840 |......]...... 4, 000 


@ Not determined. 


Enough water was added each day, when necessary, to keep the soil 
well moistened during periods of plant growth. 
Acid-washed quartz was placed over each pot after seeding to act as 


a mulch. 
OAT CROPS 


On March 24, 1916, 20 seeds of the Burt variety of oats were planted 
to each pot. After germination the plantlets were drawn down to a 
uniform stand of 12 per pot. On the following June 10 the oat crop was 
harvested after reaching maturity. Owing to the inability of removing 
all the roots, only the portion of the plants above ground was considered. 

Potash was determined separately in the grain and straw of each pot. 
Table VI contains the data obtained. 


TABLE VI.—Weight of oat crop and potash removed from soil 


















































Dry matter (grams). Potash removed from soil (grams). 
cc S| 
Rela- | , 
Treatment. ; | Aver-| tive . Aver- a 
Grain.|Straw.|Total.| age | rank | Grain.|Straw.| Total.| age leanet 
| total. | of av- total. nw . 
| | | erage. } | — 
| | } | 
Snel CON Sees EE ——|—___ 
| 
Potassium sulphate.......... 13-8 | 24-9| 38-7} |{o.065 | 0. 306 | 0.372 
Mist cdivenses vevgeecns anh 16.4 | 22-4] 388 |? 37-0] 82.4 |} -083 300 | .383 » 363 0. 305 
spec e eres eseneeeeeeseees 12.7 20-9 | 33-7 | }t -062 + 284 +346 | 
2 potassium sulphate.......... 17-2 | 27-6] 44-8 | | if .086 | .366| .452 | 
Divo cchb@duse comemeeex 18.0} 24-9! 42-9 |p 44-8 | 99-8 | .088 | .366/| .454 +454 +396 
Msi <i ccdh dh pens tacenvane 20-0 | 26.8 | 46.8 | og2 | -367 | .457 
2 potassium sulphate plus cal- | 
cium carbonate.............. 21.1 28.0 | 49-1 || +107 434 +541 | 
i eika weRaneevesvnd vanaul 20.0 | 25-0] 45-0 |? 44-8 99-8 | +092 425 | +417 { - 482 -417 
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TaBLeE VI.—Weight of oat crop and potash removed from soil—Continued 





‘Treatment. 


2 potassium sulphate plus 2 
calcium carbonate 


Dry matter (grams). 


Potash removed from soil (grams). 
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These data show quite conclusively that the oat plant is capable of 
extracting potash from the soil minerals at different rates. When the 
greatest yield, 2 potassium sulphate and 2 calcium carbonate, is given 
the rank of 100, the following order of plant growth is obtained: Two 
biotite plus 2 calcium carbonate reaches 69; 2 muscovite alone 53; 2 
orthoclase alone 31.8; 2 microcline plus calcium carbonate 15.8; and 
no potash without cal- 
cium carbonate 11.3. 

This soil responds 
markedly to potash 
fertilization, as shown 
by the oat yields. Sol- 
uble potash produces 
growth to the extent 2 BIOTITE +0a COs } 
of 44.8 gm. per pot; 


where no potash mate- 
rial is applied only 5.1 Mad ene Sd a 
gm. per pot is secured. 

To judge from the 
plant growth, lime has 
not made available 
any of the insoluble 
potash applied in the parmoctase “Ca COs 
form of minerals. In 
many instances the j2 /ICROCLIME 
yield has been slightly 
reduced where the car- |2//CROCLINE* Ca COs 
bonate has been used. 

The results of plant | _|cawrmar 
growth fertilized with 
double applications of | Jeawzioc +00 CQs 
potash and lime are 


shown graphically in Fic. 1.—Rate of growth of oats under similar conditions fertilized with 
figure I. double applications of potash minerals and calcium carbonate. 





2 POTASSIUIA SULPHATE | 








2 POTASSIUIT SULPHATE + Ca COs | 








2 BIOTITE | 




















2IUSCOVITE Ca ca, 








| 2 ORTWOCLASE 


























Considerably more potash has been recovered in the crop when applied 
in the soluble form. The order of potash recovery follows the same 
order as crop yield, biotite showing the greatest and microcline the least. 
Lime has not increased this recovery in any of the treatments (Pl. 49, A). 


SoyBEAN CROP 


After harvesting the oats the quartz mulch was removed; the roots of 
the oats were finely ground and mixed thoroughly with the soil. 

All pots were inoculated with as nearly the same number of a pure 
culture of Bacillus radicicola as could be done. 

On June 19, 10 seeds of Mammoth Yellow variety of soybean were 
seeded to each pot. These were drawn down after germination to a 
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uniform stand of five plantlets per pot. The crop was harvested on 
September 25, after maturing seed. 

In Table VII will be found the results obtained. 


TABLE VII.—Weight of soybean crop and potash removed from soil 











Dry matter (grams). Potash removed from soil (grams). 
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TABLE VII.—Weight of soybean crop and potash removed from soil—Continued 





Dry matter (grams). Potash removed from soil (grams). 





| | Gain 
Aver- } Aver- | over 
. | Hay. | Total.| age Seed. | Hay. | Total.| age no 
total, | total, | pot- 





Do 
Control (no potash) plus cal- 
cium car! 
Do 
0 


D 
Control (no potash) plus 2 cal- 
. carbonate 





0. 086 
+072 » 136 
-Oor | - 
+00} . 
° +161 
- 166 


096 
































The results shown in 
Table VII follow the 
same order regarding 
the relative availabil- 
ity of theinsoluble pot- 
ashas withthe oatcrop. 
Greatest growth has 
been obtained from bi- 
otite, then muscovite, 
orthoclase, and the 
least from microcline. 

Calcium carbonate 
has materially in- 
creased plant growth 
and the potash recov- 
ered in the crop when 
supplied with potas- 
sium sulphate, biotite, 
and muscovite; but 
to amuch lesser extent 
with the feldspar and 
where no potash was 
added. This should 
not be taken to indi- 
cate that lime has been 
exchanged directly for 
potash in the applied 
minerals, but has pro- 
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Jz MICROCLINE 
|2mcROCLINE *Ca CO3 

















Fic. 2.—Rate of growth of soybeans under similar conditions fertilized 
with double applications of potash minerals and calcium carbonate. 


duced conditions in the soil more favorable to the growth of the legume. 
In this way hardier plants are produced which are capable of extracting 
more of this constituent from the minerals in which it is not so securely held. 

Figure 2 shows graphically the rates of the growth of soybeans ferti- 
lized with double applications of potash and lime. (See also Pl. 49, B.) 
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Rye Crop 


The soybean roots were ground as those of the oats and thoroughly 
incorporated with the soil. On October 3, 1916, 20 rye seed were added 
to each pot, of which 12 plantlets were left to mature. On June 4, 1917, 
the rye was harvested. Table VIII contains the data of this harvest. 


TABLE VIII.—Weight of rye crop and potash removed from soil 





Dry matter (grams). Potash removed (grams). 
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Treatment. tive 
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TABLE VIII.—Weight of rye crop and potash removed from soil—Continued 





Dry matter (grams). | 


Potash removed (grams). 





Treatment. 


Grain. |Straw. 


Rela- 
tive 
rank of} Grain.|Straw. 
aver- 
age. 


Aver- 
age 
gain 
over 
no 
pot- 
ash. 
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Do 
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Rye seems to re- 
move more potash 
from the micas than 
from the feldspars. 
Microcline gives prac- 
tically the same yield 
as when no potash is 
added. Orthoclase has 
given slightly greater 
yields, but nothing 
like so great as those 
of biotite and musco- 
vite (Pl. 49, C). 

In figure 3 will be 
found the graphical 
representation of rye 
produced with double 
applications of potash 
and lime. 

As with the crop of 
oats, lime has pro- 
duced very slight, if 
any, effect on liberat- 
ing potash from the 
insoluble forms. 
Neither has crop 
growth nor the 
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Fig. 3.—Rate of growth of rye under similar conditions fertilized with 
double applications of potash minerals and calcium carbonate. 


amount of potash removed by the crop been increased by its use 
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Cowpea Crop 


The rye roots were ground and mixed with the soil as with the preceding 
crops, and pots seeded with 15 seeds of Manetta variety of cowpeas on 
June 7, 1917. After germination, plantlets were reduced to six per pot. 
The crop was harvested on the following September 17, before the cow- 
peas had matured. This was done, as the plants had been injured by 
mildew. ; 

In Table IX will be found the results of this experiment. 


TABLE [X.—Weight of cowpea crop and potash removed from soil 





Dry matter (grams). 


Potash removed (grams). 





Rela- 
tive 
rank of 
aver- 
age. 


Aver- 
age gain 
over 


no 
potash. 





63. 3 
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TABLE IX.—Weight of cowpea crop and potash removed from soil—Continued 





| Dry matter (grams). | Potash removed (grams). 





Treatment. | Aver- 
Whole | Ave Average |*8¢ gain 
plant. ace b total owes 

total. P no 
potash. 














. 092 
. O90 
. 084 
. 078 


. 108 
. 102 
. 105 


. 6 
2 
4 
.6 
. 6 
.8 
5.0 
. Oo 
9 
.8 
.6 
. 2 
._o 
-~o 
9 
.4 
¥ | 
6 
. Oo 
. 2 
. 6 
.o 
.8 
-o 
7. 
.3 
3 


. IOI 
. 103 
. 096 























Though the results are not as pronounced from cowpeas as with soy- 
beans, the same general effect is produced Biotite and muscovite lead 
the insoluble minerals as carriers of potash. Orthoclase still seems to 
show a slight lead over microcline and where potash-carrying minerals 
were applied. 

Lime has produced large increases where soluble potash is added, but 
its effect is not so great with the micaceous material as when soybeans 
were grown. This would indicate that, through the forces of weathering, 
a protective covering had formed around the particles of mica, preventing 
the plant roots from extracting as much potash as was done when the 
preceding legume was grown. 

The rates of growth of cowpeas of the double applications of potash 
and lime are graphically given in figure 4. 
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Exceedingly small amounts of potash have been removed from the soil 
with the microline treatment. It gradually increases through treatments 
of orthoclase, muscovite, biotite until the maximum is reached with the 


soluble material (Pl. 49, D). 


ACTIVE SOIL POTASH AFTER TWO YEARS’ CROPPING 


In order that the active or readily soluble soil potash left after two 
years’ cropping might be determined, samples of each pot were subjected 
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Fic. 4.—Rate of growth of cowpeas under similar conditions fertilized had been added than 
with double applications of potash minerals and calcium carbonate. 
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when none had been 
used. Biotite and muscovite produced about the same quantity, more 
than double the amount of the controls. Very little, if any, increases 
could be discerned from the pots to which orthoclase or microcline had 
been applied. 

Carbonate of lime does not have the slightest effect on any minerals 
used toward increasing the amount of potash soluble in N/5 nitric acid. 
In a majority of cases when the carbonate of lime has been used there 
are slight losses of potash from solution. 
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TABLE X.—Active potash of soil after two years’ cropping 





Potash | Calcium | _ Potash 

carriers | carbonate | pea. of 
PP: potassium 
oxid). 





Potassium sulphate 

2 potassium sulphate 

2 potassium sulphate plus calcium carbonate. 
2 potassium sulphate plus 2 calcium carbonate 
Biotite 

2 biotite 

2 biotite plus calcium carbonate 

2 biotite plus 2 calcium carbonate........... 
Muscovite 

2 muscovite 

2 muscovite plus calcium carbonate........ 
2 muscovite plus 2 calcium carbonate 
Orthoclase 

RIO 6 4s csecus) rem sss Events vecnst dey 
2 orthoclase plus calcium carbonate........ 
2 orthoclase plus 2 calcium carbonate 
Microcline 

2 microcline 

2 microcline plus calcium carbonate......... 
2 microcline plus 2 calcium carbonate...... 
Control (no potash) 

Control (no potash) plus calcium carbonate. 
Control (no potash) plus 2 calcium carbonate. 

















SUMMARY 

The chief points brought out by this investigation are as follows: 

(1) Little difference in the solubility of potash in water is found among 
the common soil-forming minerals: Biotite, muscovite, orthoclase, and 
microcline. 

(2) Biotite and muscovite give up considerably, more of their potash 
to solutions of carbonic acid than ‘do orthoclase or microcline. The 
order in which potash is removed by this solvent is biotite, muscovite, 
orthoclase, and microcline. 

(3) Lime as calcium bicarbonate does not increase the solubility of 
potash in any of the above minerals. 

(4) Pot experiments which include the growth of four crops—oats, 
soybean, rye, and cowpea—that have had potash supplied in the form of 
minerals show that these plants can extract different amounts of this 
element from them. Biotite is able to produce four times the amount 
of dry matter of oats as microcline and 66 per cent as much as potassium 
sulphate. Muscovite produces nearly twice as much dry matter as 
orthoclase. The same general effect is caused from these carriers of 
potash with rye. 

(5) Lime in the form of precipitated carbonate has not materially 
increased the dry matter or the potash removed from the soil by oats or 
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rye. The dry matter of soybean has been increased about 33 per cent 
when lime was used in conjunction with biotite. There was also a 
noticeably increased growth from muscovite caused by calcium carbo- 
nate. A much smaller increase was found from this material when the 
potash was applied as orthoclase or microcline. 

(6) Lime caused the soybeans to remove more potash from the soil 
with potassium-sulphate, biotite, and muscovite treatments. This 
should not be taken necessarily to indicate that potash has been driven 
into solution, but that more favorable conditions for plant growth have 
been set up in the soil. More vigorous plants are thus produced, plants 
capable of removing more of this nutrient material. The results from 
the cowpeas were similar to those of soybeans. , 

(7) Slightly more potash was removed, after two years’ cropping, by 
N/5 nitric acid from the pots fertilized with biotite and muscovite than 
from the control pots. No mote potash was removed by this solvent 
where orthoclase and microcline had been added than from the controls. 

(8) Lime does not appear to increase the solubility of the soil potash 
in N/5 nitric acid from any of the treatments. 
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PLATE 49 


A.—Oats, showing growth with potash from various minerals, with and without 
calcium carbonate. 

B.—Soybeans, showing growth with potash from various minerals, with and with- 
out calcium carbonate. 

C.—Rye, showing growth with potash from various minerals, with and without 
calcium carbonate. 


D.—Cowpeas, showing growth with potash from various minerals, with and with- 


out calcium carbonate. 
(316) 
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INFLUENCE OF REACTION ON NITROGEN-ASSIMILAT- 
ING BACTERIA ' : 


By E. B. Freep, Agricultural Bacteriologist, and AUDREY DAVENPORT, Technical 
Assistant, Agricultural Experiment Station of the University of Wisconsin 


INTRODUCTION 


One of the most powerful factors influencing the growth of legumes is 
the reaction of the soil. Indeed, it has been known for a long time that 
alfalfa, clover, and related plants will not thrive on an acid soil. Some 
idea of the importance of this problem may be seen from the vast amount 
of literature dealing with this subject which has appeared in recent years. 
These reports are concerned largely with the nature of the acid constitu- 
ents of the soil and with their influence on the growth of the higher plant. 
Details of these investigations are not essential here, since this paper 
presents the results obtained in a study of the influence of acidity on 
bacteria rather than on higher plants. Because of the intimate relation 
between host plant and bacteria in the case of legumes, it seems that the 
results of these tests may be useful in explaining the influence of soil 
acidity on legumes. 

A number of scientists have noted in a general way the effect of total 
acidity or alkalinity on the nodule-forming bacteria and on their host 
plants. Their results are of interest, but they fail to give information 
in regard to the proper reaction for the growth of the bacteria without 
the host plant. Repeatedly the question is asked, How long will the 
legume bacteria live in soil in the absence of the legume? Undoubtedly 
the answer to this question involves a study of many factors, among 
which reaction is important. It is the purpose in this work to establish 
the relation of Rhizobiwm leqguminosarum from different plants to acid 
and to alkali. 

Before presenting the results obtained a brief review of some of the 
previous contributions to this subject will be made. 


HISTORICAL REVIEW 


More than 30 years ago Beijerinck (1)? in his study of Rhizobiwm 
lequminosarum noted that this organism is injured in a medium of N/ 33.3 
to N/50 concentration of acid. He found that a medium prepared from 
a decoction of pea stems, reaction N/166.6 malic acid, gave optimum 
conditions for growth. 

From his observations Mazé (17) concluded that the legume bacteria 
may be divided into two great groups: (1) Those forms which are accus- 





1 Published by permission of the Director of the Wisconsin Agricultural Experiment Station. 
2 Reference is made by number (italic) to ‘‘ Literature cited,’’ p. 335-336. 
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tomed to acid soils and (2) those forms accustomed to alkaline soils. He 
claimed that 'the legume bacteria of the alkaline-soil group may be so 
modified, if cultivated on acid media, that the organism will become 
adapted to an acid reaction and produce nodules on the acid-resistant 
legumes. 

Siichting’s (22) results indicate that the legume bacteria retain their 
infecting power better in a neutral than in an acid medium. From the 
results of pot tests, Moore (78) reported that the legume bacteria would 
stand any degree of acidity or alkalinity of the soil that would permit 
the growth of its particular legume. This investigator found that legume 
bacteria flourished in media which contained as high as 0.05 per cent or 
N/128.04 of free citric acid. According to Maassen and Miiller (16), the 
legume bacteria are very sensitive to the reaction of the medium. 

In connection with a study of the factors that influence nodule forma- 
tion, Zipfel (26, p. 127) noted that the legume bacteria were not very 
sensitive to small amounts of acid or alkali. According to Hiltner (73), 
the sensitiveness of lupines to liming is a result of the injurious effect of 
the lime on the nodule bacteria. Whiting (24) claims that Rhizobium 
leguminosarum is not very sensitive to the reaction of the medium. He 
agrees with Moore that in the soil, legume bacteria and their host plant 
are equally resistant to acids and alkalis. Prucha (20) studied the in- 
fluence of varying concentrations of hydrochloric acid and sodium hy- 
droxid on Rhizobium leqguminosarum of alfalfa. He found that no growth 
occurred on agar slants containing 10 per cent of normal hydrochloric 
acid or a concentration of N/zo, and that toward sodium hydroxid the 
alfalfa organisms were much more resistant, about 30 per cent of normal 
alkali, a concentration of N/3.3 being required to inhibit the growth of 
the bacteria. The results of his experiments indicate that large amounts 
of acid or alkali inhibit the growth of the legume organism and inter- 
fere with its power to infect. 

Morgan and Gruzit (19) reported that an acid reaction of N/z,200 was 
toxic to the growth of soil bacteria, while N/z,o00 alkali was approxi- 
mately the most suitable reaction. In a later report Gruzit (zr) found 
that the soil bacteria were very sensitive to an acid reaction. Sulphuric 
acid in a concentration of N/r,200 killed about 99.6 per cent of the soil 
flora; of N/z,400 about 93 per cent; and N/2,840 inhibited the growth 
of 42 per cent of the bacteria. On the other hand, the maximum num- 
ber of bacteria was noted in solutions with a reaction of N/r,000 alka- 
line. The author concluded that the soil bacteria were more sensitive 
to acidity than were the corn-plant seedlings. A decrease in the number 
and activity of the denitrifying bacteria and of Azotobacter and of Rhi- 
zobium leguminosarum in acid soils has been noted by Loew (15). 

From this brief review of the literature it will be seen that the results 
do not agree. An explanation for this variation may be found in the 
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method of determining reaction. More recent study has shown that 
bacterial processes are influenced by the hydrogen-ion concentration of 
the medium rather than by the total acidity. Therefore it was planned 
in this study to measure true acidity, concentration of hydrogen ions, 
as well as total acidity of the culture media. 


INFLUENCE OF ACIDITY AND ALKALINITY ON THE GROWTH OF 
BACTERIA 


The data reported deal with the effect of varying reactions on the mul- 
tiplication of bacteria from some of the more important legumes, as well 
as on the multiplication of two different strains of Azotobacter. The 
term ‘‘strain’’ as used in this paper is applied to the same species of an 
organism isolated from different sources; for instance, the writers studied 
eight strains of the alfalfa organism, all of which were separated in pure 
culture from plants grown in widely separated sections and from soils of 
different reaction. 


IDENTIFICATION OF LEGUME BACTERIA 


To prove that the organisms employed were pure and true to name, 
all cultures were replated at least twice before their general character- 
istics were studied. Table I shows some of the cultural characteristics 
of these microorganisms. On standard nutrient-agar slopes growth is 
moderate, at first colorless, later a faint brown. In standard gelatin 
stab, growth is slow, chiefly at the top of the medium, brownish in 
color, and no liquefaction is noted for one or two weeks; however, 
in older culturés, three months, the gelatin is slowly liquefied. No gas 
is produced from dextrose, lactose, or saccharose broths, although the 
media become cloudy, and frequently a white membrane is formed 
which covers the surface. The organisms grow slowly in nitrate broth 
without gas production. In neutral litmus milk no change is noted 
during the first week; but at the end of the second or third week this 
medium becomes alkaline, and the dye is partly reduced. After two 
weeks bromcresol-purple milk inoculated with the legume bacteria 
becomes alkaline. The difference between the legume bacteria of dif- 
ferent plants and different strains is perhaps best demonstrated by the 
rate of growth on mannitol-agar stroke cultures. On this medium the 
legume bacteria may be divided according to their amount of growth 
into three groups: scanty, moderate, and abundant growers. The 
organisms from different sources show decided variations in their growth 
in standard nutrient broth. The presence or absence of a membrane 
however, seems to bear no relation to the growth on mannitol-agar 
slopes. Except in the media already described, the legume bacteria 
exhibit close agreement in their cultural characteristics. 
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TABLE I.—Cultural and biochemical characteristics of legume bacteria after two weeks at 
28°C, 





Standard nutrient | . F 
itm Ik. 

Mannitol broth, | Litmus mi Bromcreso} 

Name of organism. purple 


milk 
—-, Clouding. | Reaction. Reduction. reaction. 








Abundant. id....| Alkaline..| Slight at bottom Alkaline. 
.| Scanty....]... eu se No reduction Do. 
Abundant. Kod wale d Do. 


Do. 
Do. 


Do. 
No change, 
Sweet clover 9...... A at Cm ..| Slight at bottom Alkaline. 


Garden pea 10 a ee ...do ..do No reduction Do. 
Field pea rz oe 


Do. 
Do. 


Red clover 14......|... 
Common bean 1s... 


Scanty.... - : ‘ 
Lupine 20 whe sll — a Site at bottom.. 
Lupine 21 ee ae ims No congue slimy’ 


Lupine 22 
Lupine 23 























PRODUCTION OF NODULES 


The final test of identity of a pure culture of the legume bacteria 
consisted in the formation of nodules on the legume from which the 
culture was obtained. For this purpose the leguminous plant and the 
microorganism were grown in large Pyrex tubes containing agar, under 
conditions which excluded all other forms of life. When nodules de- 
veloped, a new isolation was made from the nodule and the organism 
secured in this way was compared with the original culture. In several 
cases these new cultures were again tested under sterile conditions for 
nodule formation. The lupines failed to grow well in the large test 
tubes, and for this legume a mixture of sterilized sand and soil was used. 
In every case the organism caused the formation of nodules, while the 
roots of the control plants were entirely free of nodules. 


STAINING CHARACTERISTICS 


The bacteria from the nodule or from agar slopes stain readily with 
carbol-fuchsin, gentian-violet, or methylene-blue. Perhaps the best 
preparations were obtained from the use of carbol-fuchsin, followed by a 
slight decolorization with dilute alcohol. The organism is Gram-negative 
when ethyl alcohol is used in the decolorizing process. 

The number of flagella seems to depend on the source of the culture or 
onits age. This point, however, deserves more careful study. The fol- 
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lowing strains of alfalfa (Medicago sativa) and lupine (Lupinus sp.) were 
stained for flagella: 

Alfalfa 1, 5, 6, 7, 8, peritrichous flagella. 

Lupine 19, single, or rarely two, flagella. 

The shape and general structure of the flagella of the lupine organism 
were different from those of the alfalfa organism. For instance, the 
flagella of lupine 19 are not so long and wavy as those of alfalfa. 


EXPERIMENTAL PROCEDURE 


It was realized from the beginning that the success of this study 
depended largely on the number of parallel tests and the number of dif- 
ferent strains of bacteria employed. Therefore each experiment was 
repeated several times. In order to have comparable results all of the 
organisms were grown on the same medium, the composition of which 
is given below: 

Mannitol (C,H,(OH).,) 

Magnesium sulphate (MgS0,+7H,0) 

Dibasic potassium phosphate (K,HPO,) 

Sodium chlorid (NaCl) 

Calcium sulphate (CaSO,+2H,0) 

Re Re CCE er ee eet eer 


Only the purest chemicals and conductivity water were used in pre- 
paring the culture medium. The reaction of the medium was usually 
neutral to phenolphthalein, although in some of the tests a very small 
amount of alkali was required to make it neutral. After dividing this 
culture solution among a series of flasks, the portions were sterilized and 
adjusted to different reactions with N/ro or N/2o acid and alkali. The 
normality of the culture medium is shown in the tabular data. 

In beginning the experiments the acid and alkali limits of growth as 
determined by previous investigators were tried, and repeated tests were 
made until the critical point for the growth of the particular organism 
was reached. 

Because of the importance of the acid-soil problem and the use of 
legumes in an acid system of agriculture, the greater part of this paper 
is concerned with the relation of legume bacteria to acidity, while their 
relation to alkalinity has received only limited study. With the excep- 
tion of certain preliminary experiments, consideration was given not only 
to the total quantity of acid added but also to the effect of this acid 
on altering the hydrogen-ion concentration of the medium. Because 
of the low content of buffer substances in the mannitol medium, only 
small quantities of sulphuric acid were required to alter its hydrogen- 
ion concentration. 

To determine the nature and extent of the buffer effect, preliminary 
tests of the hydrogen-ion concentration of the culture medium were made. 
For this purpose, a series of flasks of the medium was prepared in such 
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a way that one of its constituents was omitted from each test and the 
hydrogen-ion concentration measured immediately after the addition 
of the acid or alkali. It was stated in a previous paper that possibly 
the mannitol exerts a buffer effect. However, later investigations do 
not support this statement. The concentration of hydrogen ions in 
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Fic. 1.—Graphs showing the buffer effect of the various constituents of mannitol medium. 


pure water to which varying amounts of acid and alkali were added, 
as well as the concentration in the synthetic culture medium plus acid 
and alkali, is shown in figure 1. It appears from the graphs that the di- 
basic potassium phosphate is the chief buffer substance and that the 
mannitol has little effect on the concentration of hydrogen ions. 
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The concentration of hydrogen ions was measured by the colorimetric 
method as outlined by Clark and Lubs (6). The procedure was as 
follows: To a 10-cc. portion of the culture fluid the proper indicator was 
added, and the color developed was compared with the colors obtained 
on the addition of the same indicator to tubes of 10 cc. of the various 
“buffer solutions” of known hydrogen-ion concentration. Since the 
accuracy of this method depends on the standard “buffer solutions,” 
these were prepared from chemicals purified as directed by Clark and 
Lubs, and the buffer mixtures checked by the electrometric method. 
In every case the two methods of measuring the hydrogen-ion exponent 
gave almost identical results. All of the data are reported as the hydro- 
gen-ion exponent or Py, instead of in terms of the normality of hydrogen 
ions. In the alkaline range, especially where large amounts of the base 
were used, the concentration of hydroxyl ions was frequently beyond the 
range of the indicators. Therefore the exponent of the hydrogen ion 
in the presence of large amounts of alkali is not correct. 


INFLUENCE OF SULPHURIC ACID AND SODIUM HYDROXID ON THE 
REPRODUCTION OF NITROGEN-ASSIMILATING BACTERIA 


TOTAL ACID AND ALKALI 


A considerable number of experiments were made with Rhizobium 
lequminosarum from different plants and in general the agreement 
between these tests was good; therefore only a few of the typical 
ones are presented. The data show that the legume bacteria vary 
in their resistance to acidity, depending on the source of the organism. 
Taylor (23) has shown very clearly that acids, especially organic acids, 
vary in their degree of activity in checking the growth of bacteria, 
but that the inorganic acids, hydrochloric and nitric, however, show 
much similarity of action. In this work no attempt was made to try 
out different acids or alkalis, but rather to measure the action of sul- 
phuric acid and of sodium hydroxid. 


EXPERIMENTS WITH ALFALFA BACTERIA 


In the following experiments a 1-cc. suspension of legume bacteria in 
sterilized water was used to inoculate 100 cc. of mannitol medium (p. 321) 
in 750-cc. Erlenmeyer flasks. At regular intervals of one week each the 
cultures were shaken vigorously and 1 cc. removed for plate counts. It 
was noticed early that increasing the acidity of a medium had a decided 
effect on the growth of the bacteria. Thus, the least acid members of a 
series were the first to show turbidity, while the more acid the reaction, 
the longer the period required for a noticeable turbidity to appear. The 
results obtained are given in Table IJ. In mannitol culture medium 
the injurious effect of alkali on legume bacteria is not noticeable unless 
added in amounts greater than N/r125, while all growth is prevented in 
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N/62.5 sodium hydroxid. Toward gram-equivalent amounts of sul- 
phuric acid these organisms behave differently; it seems that sulphuric 
acid is approximately 10 times as toxic to the bacteria as sodium hydroxid 
of the same normality. Growth is retarded in concentrations of N/1,000, 
and the cells are killed in solutions of the concentration of N/500 sulphuric 
acid. These results do not agree with those of Beijerinck, who found a 
reaction of N/166.6 acid gave optimum growth for Rhizobiwm legumino- 
sarum. However, this difference in behavior of the bacteria no doubt 
is due to the difference in culture medium. From a glance at the data 
of this table it is plain that R. leguminosarum is much more sensitive to 
sulphuric acid than to gram-equivalent amounts of sodium hydroxid. 


TABLE Il.—Effect of sulphuric acid and sodium hydroxid on the reproduction of alfalfa 
bacteria, strain I 


Se 
| Number of bacteria in 1 cc. of medium. 
| Normal acid or | Concentra-|_ 


alkali in rooce. | tion of acid} | 
| 
! 
' 





of medium or alkali. | Inocu- After 1 After 2 After 3 


weeks. weeks, 


After 4 


lum. | week. weeks. 
| 
Le 





0.05 cc. sulphuric | N/2,000....| 35, 9, 000, C00 +520, 44,600,000 | 32,500,000 54,900,000 
acid. 
orc. sulphuric | N/r,000....| 35, 7,010,000 + 580,000 | 44, 300,000 
acid. 
o-2 cce.sulphuric | N/5« None. ; None. 
acid. 
o-3 cc. sulphuric | N/ veael S0s None. None. None. 
acid. 
or ce. sodium 1/1,000.... ; 7,000, 000 » 280, ine, 29,200,000 | 65, 500,000 
| 


31,000,000 | 19,400,000 
None. None. 


| 

| 
Neutral... ..| Neutral. ..] 35, 10, 650,000 | 25,900, 55,600,000 | 53+ 200, 000 

| 

| 

| 

| None. None. 





hydroxid. 
0-2 cc. sodium 1 §¢ 35» | 5,070, | 18, 280, 31, 600,000 
hydroxid. 
o-4 cc. sodium | 35, | 3.750, 3) 220, 23, 600,000 | 29,800,000 | 28, 500,000 
hydroxid. | 
o-8 cc. sodium | / Perr , | %)IIO, 84 26, 600, 000 23, 600, 000 
hydroxid. | | 
1-6 cc. sodium | N/62.5.....] 35, None, I of None. | d et None, 
hydroxid. } | | | 





30,100,000 | 12,500,000 




















A comparison of the effect of treatment on the number of bacteria at 
various intervals of time failed to show any decided difference. In rela- 
tion to time, the acid or alkali exerted approximately the same effect on 
the multiplication of bacteria after one or six weeks. 


EXPERIMENTS WITH AZOTOBACTER, ALFALFA, LUPINE, RED CLOVER, AND 
SOYBEAN BACTERIA 


The behavior of alfalfa bacteria is in accord with our knowledge of the 
host plant—that is, they are sensitive to acidity. The question which 
naturally suggests itself is that of the relation of other strains of legume 
bacteria to different reactions. In addition to the legume bacteria, one 
strain of Azotobacter was studied. Only one count, two weeks after 
inoculation, was made, since the number of organisms at different inter- 
vals of time had failed to show any marked variation. The averages of 
the plate counts after two weeks are given in Table III. The results with 
alfalfa confirm those of the earlier tests and show that this organism is 
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killed quickly in solutions containing small amounts of acid. The differ- 
ence in behavior of the bacteria from alfalfa and lupine is evident. The 
latter are more resistant to sulphuric acid than the former. 


TaBLeE III.—Effectof sulphuric acid and sodium hydroxid on the reproduction of nitrogen- 
jixing bacteria 








Number of bacteria in 1 cc. of medium two weeks after 
inoculation. 





Concentra- ; 
tion of acid | 
or alkali. Alfalfa r | Lupine 2r 
(inoculum | (inoculum 
350,000). | 1,570,000). 


Normal acid or alkali in | 
ower | 

roo cc. of medium. ey So | Soybean 17 

3 os (inoculum 


¥.300,000). I, 100,000). 


Azotobacter 
13t. 








5 TT Neutral... +300, 30, 000, 000 20, 1, $60, 000 
o.1 cc. sulphuric acid....} N/z,0090....! 7, > 21,900,000 3 > 212,000 
0.2 cc. sulphuric acid... | N/svo.... e. 700 None. 
o. 5 cc. sulphuric acid. . N/200..... I , None. ; None, 
o. 1 cc, sodium hydroxid .}| N/r,000.... ) 24, 300, 000 7, 120,000 
0.2 cc, sodium hydroxid .| N/ 50 ‘ 26, 100, 000 800, 3,820, 000 
0. 5 cc. sodium hydroxid .| N/20« st. | rr, 500,000 None. 
t.o ce. sodium hydroxid ii Sore \ 5,900 , None, 























One very striking fact shown in the data of this experiment is the 
narrow limits of growth of Azotobacter. This organism is readily affected 
by small amounts of acid or alkali, the limits of growth are approxi- 
mately N/r,o0o0 acid and N/s500 alkali. These data are in agreement 
with the results of previous investigators. For instance, it has been 
shown by Christensen and his associates (3, 4, 5) that the formation of 
Azotobacter film in mannitol cultures inoculated with soil is correlated 
with the reaction of the soil—that is, acid soils fail to show any film. 

From the data of the previous tests no conclusions can be drawn with 
respect to the acid or alkali limit of growth of bacteria except within a 
relatively wide range. Therefore further tests were arranged in such a 
way as to give a series of cultures of varying concentration of acid and 
alkali. Here the difference between the reactions of the cultures was 
less than in former experiments. Instead of counting the total number 
of bacteria at different intervals, the cultures were incubated for 21 days 
and then tested for the presence or absence of living bacteria. The 
turbidity of the culture was noted, the presence of bacteria determined 
as shown by a stained mount, and mannitol-agar slants were inoculated 
with a loop of the cultures. The presence or absence of growth on the 
agar slants was taken as an indication of the presence or absence of living 
bacteria in the culture. 

A comparison of the development of different legume bacteria in 
media of varying reactions is presented in Table IV. The data here 
reported were obtained from a series of separate tests. The greater 
resistance of the lupine bacteria to acidity as compared with the alfalfa 
bacteria is clearly shown by the results presented in this table. Seven 
different strains of the alfalfa organism and four of lupine were studied, 
and in each test these different strains of the alfalfa and lupine organism 
behaved alike. The acid range for alfalfa bacteria is approximately 
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N/909 and for lupine bacteria N/588. The résistance of the lupine 
bacteria to acids is in accord with the results of analyses of the root 
juices. Lemmermann (14) has shown that the extract from roots of 
lupines is more acid than that from roots of beans, peas, vetch, or 
serradella. 


TaBLe IV.—Effect of sulphuric acid on the reproduction of legume bacteria after 21 days. 


| Result after 21 days. 

| Normal sulphuric 
No.| acid in 100 cc. 
of medium. 


Concentration ——— —— - a se ake 
of acid. Alfalfa | Alfalfa | Alfalfa | Alfalfa | Alfalfa 
3. 4. Se 7. 8. 
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ce ee ee Ee Oe ee ee 
WALD tela. c1eOistoal aa LB occ 
hcg AEDs Sel s oe shy ae 
vb ME Gslead 
«sD, siskeoe 











ek ees 


or Aautwnn 
° 








99999999900 





9° 





ae ee 
| Rs. <icliree 
— ae 





oO. 
oO. 
oO. 
oO. 
oe 
°- 














Result after 21 days. 
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TABLE 1V.—Effect of sulphuric acid on the reproduction of legume bacteria after 21 
days—Continued 





| 
| Result after 21 days. 
Normal sulphuric 
No. acid in roo cc. 
of medium. 





ee i na 
of acid. Velvet Soy- . - , , 
Ns te Lupine | Lupine | Lupine | Lupine 

a bean | 19. 20. ar. | 22. 
| 


} } 
| | 
| | 

Neutral Growth | Growth | Growth | Growth | Growth | Growth, 
| N/4,000 do...|...do...| Jo...'...do do...) 0. 


17. 








Aron OW OY OUAW DH 








999999999999999999999005 








Because of the large number of cultures used and the small difference 
in amount of acid between each culture it is possible to separate the 
legume bacteria into classes, depending on their resistance to acidity. If 
grouped in this way, the alfalfa organism would stand at the alkaline end 
of the scale, the lupine organism at the acid end. Sweet clover, vetch, 
garden pea, red clover, velvet bean, and soybean organisms would occupy 
an intermediate position and about in the order named, graded from acid 
sensitive to acid resistant. 

In the case of lupine and alfalfa, the different strains of the same 
organism show remarkable agreement and support the statement that 
the influence of acid on the lower plant, Rhizobiwm leguminosarum, is 
similar to the influence of acid on the higher plant, the legume. 


EXPERIMENTS WITH AZOTOBACTER 


The selection of Azotobacter was prompted by the fact that various 
investigators have reported that the growth of this organism may be used 
as an indicator of the reaction of soil. In order to test the influence of 
acid and alkali on Azotobacter, a series of mannitol cultures was pre- 
pared and treated as given in the preceding experiments. Three separate 
tests were made and the data recorded in Table V. In every culture in 
which acid or alkali was used a very marked effect on growth was noted. 
When compared with the legume organism regardless of the source, it is 
plain that Azotobacter is much more sensitive to changes in reaction. 
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Apparently the acid limit for Azotobacter is about N/r,333.3 and the 
alkaline limit of growth about N/r,o00. In relation to nitrates, Azoto- 
bacter behaves in a somewhat similar manner—that is, it is more sen- 
sitive to high concentrations than is Rhizobium leguminosarum (12, p. 209). 


TABLE V.—Effect of sulphuric acid and sodium hydroxid on the reproduction of Azotobacter 





| Result after 21 days. 
| 





ad Sine — “ ad} | Concentration | 
No. | Normal acid or alkali in roo cc. of medium. | of acid orelkall.| Axoto- | Azoto- Azoto- 


bacter. bacter bacter 
130. | 131. 130. 


| 





Growth || Growth. | Growth. 
.ediphuric'acid..........|_N pol sore sR do... Do. 
sulphuric acid...........: ener. ee Oe ee Do. 
. sulphuric acid N/ A rics ee eee ee 

. sulphuric acid............| N/ base EA ...| None. 

. sulphuric acid Pees fe eee eee eae Do. 
. sulphuric acid ee ee eee Do. 
. sulphuric acid Fi earee ; ‘ Do. 
. sodium hydroxid : 

. sodium hydroxid 

. sodium hydroxid......... | N 
. sodium hydroxid.... 
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INFLUENCE OF SULPHURIC ACID AND SODIUM HYDROXID ON THE 
REPRODUCTION OF NITROGEN-ASSIMILATING BACTERIA 


DISSOCIATED ACID OR ALKALI 


The marked influence of reaction upon the nitrogen-fixing bacteria, 
especially certain strains of the legume organisms and Azotobacter, has 
been pointed out in the results of this paper. The evidence submitted 
is sufficient to warrant the conclusion that sulphuric acid in mannitol 
solution is more toxic than is the hydrogen equivalent amount of sodium 
hydroxid. This difference in the action of acid and alkali may be due 
in part to their difference in dissociation. Attention was called to this 
point in an earlier paper (70). 


EXPERIMENTS WITH ALFALFA AND LUPINE BACTERIA 


In Table VI are given the hydrogen-ion exponents for each of 16 cul- 
ture solutions and the growth of the organisms as shown by transfers to 
agar slopes. The cultures are arranged in order of decreasing acidity 
and the reaction of the culture medium varies as shown in the table from 
Py 4.6 to Px 9.8; the readings for the high alkaline range are not absolute. 
A study of the data shows that the alfalfa bacteria are more sensitive to 
true acidity than are the lupine bacteria. The acid limit of growth as 
shown in this test is between Pa 5.4 and Px 6.0 for alfalfa and lower than 
Px 4.6 for lupine. In all cases there was a good agreement between the 
growth of the different strains of the same organism. 
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TABLE VI.—Effect of the concentration of hydrogen ions on the reproduction of alfalfa 
and luptne bacteria 





Result after 21 days. 
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A second experiment was set up similar to the preceding except that 
only the acid range was tested. Twenty-one strains of legume bacteria 
were studied. All the data for this test are summarized in Table VII. 
An examination of the results shows clearly that the growth of the legume 
bacteria in culture solutions of varying reactions is proportional to the 
hydrogen-ion concentration of the medium, and it is probable that their 
difference in resistance to hydrogen ions is related to the reaction of 
the sap of the host plant. As shown in the data of Tables VI and VII, 
the organisms of alfalfa are the most sensitive of the legume bacteria to 
the concentration of hydrogen ions, while the lupine bacteria are the 
most resistant. In relation to true acidity, the sweet-clover, garden-pea, 
field-pea, vetch, common-bean, red-clover, soybean, and velvet-bean 
organisms occupy a position between alfalfa and lupine bacteria. The 
velvet-bean and the soybean organisms show considerable resistance to 
an increase in hydrogen-ion concentration. 

It is of interest to note the results obtained by other investigators. 
Briinn (2) found that Bacillus coli is killed within 24 hours if exposed 
to an acid reaction of Pp= 4.7, but not of Pa=5.0. Wolf and Harris (25) 
reported that the difference between the reaction which just permits 
growth and the reaction which prevents growth is not great. They 
suggest the term “critical Py” which is obtained by taking the average 
of the two values, the Pa which just permits growth and the Pg which 
inhibits growth. They found that the critical reaction for Bacillus 
welchit (B. perfringens) is about Pu= 4.82 and for B. sporogenes (Metch- 
nikoff) about Pa= 4.94. In both tests glucose peptone media were used. 
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TaBLe VII.—Effect of concentration of hydrogen ions on the reproduction of legume 
bacteria after 21 days 





Result after 21 days. 
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Result after 21 days. 
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TABLE VII.—Effect of concentration of hydrogen ions on the reproduction of legume 
bacteria after 21 days—Continued 





Result after 21 days. 
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The limit of growth and critical Py values for the legume bacteria and 
Azotobacter are about as follows: 





Acid value | Acid value | Mean value 
of Pa of Pa of Px 
Organism. which which or the 
allows inhibits critical 
growth. growth. Pu. 





Rhizobium leguminosarum from alfalfa 
Rhizobium leguminosarum from sweet clover. .. 
Rhizobium legunimosarum from garden pea... .. 
Rhizobium leguminosarum from field pea 
Rhizobium leguminosarum from vetch 
Rhizobium leguminosarum from red clover 
Rhizobium leguminosarum from bean 
Rhizobium leguminosarum from soybean 
Rhizobium lequminosarum from velvet bean. . . 
Rhizobium leguminosaram from lupine 
Azotobacter 
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If the critical Py value of the legume bacteria be compared with the 
growth of the leguminous plant in soil of varying reaction, it will be noted 
that the bacteria in relation to acidity behave similar to their host plants. 
Here, then, is a characteristic of the legume bacteria which separates 
these organisms into different groups, acid sensitive, acid resistant, and 
no doubt a long list of organisms intermediate between the two extremes. 
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EXPERIMENTS WITH AZOTOBACTER 


The general plan followed was similar to that outlined in Table V. 
The results obtained are given in Table VIII. Here, again, the extreme 
sensitiveness of Azotobacter to true acid or alkali is plainly shown. The 
limit of hydrogen-ion concentration for the growth of this organism is 
about Py 6.5. In agreement with the results of the previous experi- 
ments it is clear that toward hydrogen ions Azotobacter is more sensitive 
than any of the legume bacteria used in this investigation. The narrow 
limits of growth for Azotobacter, Py 6.6 to 8.4 or 8.8, indicate that the 
growth of this organism may be used to measure the reaction of various 
substances. 


TaBLE VIII.—Effect of the concentration of hydrogen ions on the reproduction of Azoto- 
bacter 
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TABLE IX.—Effect of Rhizobium lequminosarum and of Azotobacter on the reaction of 
the culture medium 
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INFLUENCE OF NITROGEN-ASSIMILATING BACTERIA ON THE REAC- 
TION OF THE MEDIUM 


Since the legume bacteria show a difference in behavior toward reaction 
of the culture medium, it was thought that the growth of the different 
strains might cause a noticeable variation in the reaction of the medium. 
Accordingly, the reaction was measured by titrating the cultures with 
N/2o acid or alkali at the time of inoculation and again four weeks later. 
The results of titrations failed to show any decided change in the reaction 
of the culture medium after the growth of the different organisms, 
although there was a slight increase in acidity. Similar results were 
reported in an earlier publication (9). 

The results of hydrogen-ion measurements of the inoculated and unin- 
oculated culture solutions showed a small but distinct increase in acidity. 
In this test saccharose solution was used in place of the mannitol. In 
Table IX only the averages of duplicate cultures are given. As a rule, 
the change in the reaction due to the growth of R. Jeguminosarum in the 
saccharose solution was from Py 0.1 to 0.4, the average about Py o.2. 
This gain in acidity is very small when compared with that produced by 
Azotobacter—namely, 2.1. Because of the turbidity of the culture 
medium, which is caused by the great number of bacteria, it seems 
strange that there is only a slight change in the hydrogen-ion concen- 
tration. Determinations of the amount of sugar consumed by these 
organisms in liquid media offer an explanation for the small increase in 
acid. It has been found that R. /eguminosarum may develop in enormous 
numbers without consuming more than 4 to 5 per cent of the total 
amount of sugar in the medium (9). 


SUMMARY 


The behavior of the legume bacteria as well as Azotobacter toward 
small amounts of acid or alkali depends upon many factors: Chief among 
these are the nature of the medium and the dissociation of the acid and 
alkali. 

All the results point to the fact that R. leguminosarum regardless of 
strain, does not persist for any length of time in a medium, the reac- 
tion of which prevents reproduction. °. 

In these experiments, which wefe arranged to study the influence 
of reaction on the nitrogen-assimilating bacteria, 21 strains of R. 
lequminosarum and two of Azotobacter were studied. In general, R. 
lequminosarum showed similar cultural characteristics—that is, bacteria 
from different legumes. The most noticeable difference was that 
of rate of growth certain strains developing much more rapidly 
than others. On the ordinary culture media R. Jleguminosarum 
does not show any very characteristic growth. The identity of the 

64613°—18——4 
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organism was studied for each strain and in every case the organism 
used to inoculate plants grown under sterile conditions effected inoculation. 

In all of the tests the organisms were inoculated into 50-cc. portions 
of mannitol solution in 200-cc. Erlenmeyer flasks, the reaction changed 
by the addition of sulphuric acid or sodium hydroxid, and the cultures 
incubated for four weeks at 28° C. At the end of the period of incu- 
bation the presence or absence of the bacteria was determined by plate 
counts, microscopical mounts, and by inoculation of mannitol-agar slants. 
Aside from the total acid or alkali, the hydrogen-ion content in these 
cultures was measured by the colorimetric method. 

The results of these experiments show clearly that sulphuric acid in 
culture solutions is far more injurious to alfalfa bacteria than to lupine 
bacteria. In other words, the nodule bacteria from different plants 
behave differently toward acid. The legume bacteria may be divided 
into groups about as follows: 


eS: ee cere Alfalfa and sweet clover. 

fp ON PA 66 soci oscawasesanes Garden pea, field pea, and vetch. 
ee Red clover and common beans. 

f MONE BiB co dios iio ae siern ee esses Soybeans and velvet beans. 

~ Critical Pa 3.15... Lupines. 


The alfalfa organism is the most sensitive of the legume bacteria to 


acidity, and, conversely, the lupine organism is the most resistant to 
acidity. 

The toxicity of sodium hydroxid toward legume bacteria is not notice- 
able until the alkali is added in large amounts; approximately 10 times 
as much normal alkali as normal acid is required to produce a similar 
injury. The organisms from the nodules of different legumes failed to 
show any decided difference in respect to alkali. For instance, it ap- 
pears that the alkali limit of growth is the same for Rhizobium legumi- 
nosarum from lupine or from alfalfa. 

One striking fact noted in the data of these experiments is the 
extreme sensitiveness of Azotobacter to slight changes in reaction. 
As compared with the legume bacteria, this organism is far more sen- 
sitive. .The acid limit of growth in mannitol solution for Azotobacter is 
about N/r,333.3 and the alkaline limit about N/1,000, or the critical Px 
acid value 6.5 and the alkaline value 8.6. 

In relation to hydrogen-ion concentration of medium the nodule 
bacteria from different legumes show a very decided difference. The 
evidence supports the conclusion that a correlation exists between the 
acid resistance of the bacteria and the acid resistance of the higher 
plant. 
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